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Abstract 


This  report  summarizes  the  work  performed  by  Specialty  Plastic  Products  of 
Pennsylvania  Inc.  and  their  subcontractor,  Simula  Safety  Systems  Inc.,  under  the 
Manufacturing  Technology  (MANTECH)  program  sponsored  by  the  U.S.  Army 
Materiel  Command  and  executed  by  the  U.S.  Army  Natick  Soldier  Center.  The 
objective  of  this  effort  was  to  investigate  M  Cubed  Technologies  Inc.'s  siliconized 
silicon  carbide  armor  material  and  process  as  an  alternative  ceramic  component 
for  the  multi-Service  Interceptor  Small  Arms  Protective  Inserts  (SAPI). 
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1.  Introduction 


As  described  in  U.S.  Army  Materiel  Command  Acquisition  Center  (USAMCAC) 
contract  no.  DAAN02-98-D-5007-009,  line  item  1004,  Manufacturing  Technology 
(MANTECH)  statement  of  work,  the  contractor  "shall  investigate  proprietary 
M  Cubed  ceramic  material  and  material  processes  that  will  potentially  provide 
cost-reduction  benefits  to  the  U.S.  Marine  Corps."  Simula  Safety  Systems  Inc.* 
has  identified  this  material  as  an  alternate  to  the  boron  carbide  (B4C)  ceramic 
material,  which  is  used  as  the  strike  face  on  the  current  Interceptor  Small  Arms 
Protective  Insert  (SAPI)  plates.  This  new  ceramic  material  is  a  "Reaction  Bonded 
Silicon  carbide"  material  developed  by  M  Cubed  Technologies  Inc.  (M  Cubed). f 
The  new  ceramic  material  is  significantly  lower  in  cost  compared  to  the  present 
hot-pressed  B4C  material.  The  lower  cost  of  the  ceramic  tile  is  a  result  of 
inexpensive  manufacturing  processes  employed  by  M  Cubed.  This  document 
will  summarize  the  efforts  involved  in  developing  the  design  to  meet  the  current 
Interceptor  SAPI  requirements. 


2.  SAPI  Optimization  Effort 


2.1  Tile-to-Laminate  Ratio 

In  order  to  optimize  the  SAPI  design  using  the  M  Cubed  material,  we  first 
needed  to  understand  the  relationship  between  tile  thickness  to  laminate 
thickness  as  related  to  overall  armor  system  areal  density.  Therefore,  the  first 
test  series  was  performed  to  define  this  relationship.  Since  the  insert  areal 
density  is  a  constant  (in  order  to  yield  an  insert  of  known  weight)  of  4.8  psf,  the 
question  here  was  one  of  tile  weight  (thickness)  to  laminate  weight  (number  of 
plies).  This  ratio  has  been  explored  before  on  the  baseline  B4C/ Spectra  Shield 
(SS)  system,  but  only  at  a  minimal  effort  level.  The  effort  performed  here  was  to 
fully  characterize  this  relationship  for  both  the  threat  A  and  B  projectiles.  Five 
tile-to-laminate  ratio  armor  systems  were  tested  for  each  projectile  as  outlined  in 
Table  1.  These  tests  were  performed  on  a  clay  backing  using  a  28-ply  600  denier 
Kevlar  KM2  outer  tactical  vest  (OTV)  simulant  between  the  back  face  of  the 
target  and  the  clay  block. 


*Simula  Safety  Systems  Inc.,  7822  S.  46th  Street,  Phoenix,  AZ  85044. 
Cubed  Technologies  Inc.,  921  Main  Street,  Monroe,  CT  06468. 
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Table  1.  Tile-to-laminate  ratio  test  series  for  threats  A  and  B. 


%  Tile 

%  Laminate 

Tile  Thickness 

Plies  of  Spectra  Shield 

50 

50 

0.150 

90 

60 

40 

0.180 

72 

70 

30 

0.210 

54 

80 

20 

0.245 

34 

90 

10 

0.275 

17 

To  obtain  the  most  useful  information,  this  testing  determined  V50  velocities  for 
each  armor  system.  The  resulting  information  was  plotted  on  a  graph  (Figures  1 
and  2)  to  visually  determine  the  optimal  tile-to-laminate  ratio. 

As  shown  in  Table  1,  the  60%  tile/ 40%  laminate  armor  system  is  the  optimal 
choice  for  further  armor  system  development.  Even  though  the  50/50%  system 
produced  a  higher  V50  for  the  threat  A  projectile,  the  threat  B  testing  showed  a 
lower  V50  for  the  50/50%  system.  To  further  optimize  the  armor  system,  we  then 
evaluated  several  different  composite  backing  systems  based  on  the  60/40% 
tile/ laminate  ratio.  The  results  of  this  testing  are  summarized  in  the  following 
sections. 


Figure  1.  Threat  A  tile-to-laminate  ratio. 
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Figure  2.  Threat  B  tile-to-laminate  ratio. 


2.2  Alternative  Composite  Backings 

2.2.1  KM^SS  Hybrid 

In  past  experiments,  it  has  been  shown  that  support  of  the  ceramic  material 
provides  increased  ballistic  performance.  Using  KM2  fabric  impregnated  with 
vinyl-ester  (VE)  resin  to  provide  support  as  well  as  ballistic  resistance,  we 
investigated  a  KM2  VE/SS  hybrid.  This  testing  was  performed  on  a  clay  backing 
using  a  28-ply  600  denier  KM2  OTV  simulant  between  the  back  face  of  the  target 
and  the  clay  block.  The  test  sample  was  six  targets  used  to  obtain  a  V50  with  the 
threat  A  projectile.  The  data  was  then  plotted  against  the  other  armor  system 
backing  options  and  is  shown  in  Figure  3. 

2.2.2  KM^SS/KM2  Hybrid 

The  use  of  the  KM2  (film  stacked  with  polyurethane)  behind  the  SS  was  thought 
to  provide  a  stiffer  alternative  to  the  all  SS  back  face.  Using  KM2  fabric 
impregnated  with  VE  resin  to  provide  support  as  well  as  ballistic 
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Backing  Study 


Figure  3.  Threat  A  laminate  backing  study. 

resistance,  SS  to  provide  a  tough  middle  layer,  and  KM2  polyurethane  as  a  stiff 
ballistic  back  face,  we  tested  a  KM2  VE/SS/KM2  polyurethane  film  stack  hybrid. 
This  testing  was  performed  on  a  clay  backing  using  a  28-ply  600  denier  KM2 
OTV  simulant  between  the  back  face  of  the  target  and  the  clay  block.  The  test 
sample  was  six  targets  used  to  obtain  a  V50  with  the  threat  A  projectile.  The  data 
was  then  plotted  against  the  other  armor  system  backing  options  and  is  shown  in 
Figure  3. 

2.2.3  KM2  Polyurethane  Film  Stack  Laminate 

The  use  of  the  KM2  (film  stacked  with  polyurethane)  will  provide  a  stiff, 
supportive  yet  ballistically  viable,  composite  backing.  We  tested  a  KM2 
polyurethane  film  stack  laminate.  This  testing  was  performed  on  a  clay  backing 
using  a  28-ply  600  denier  KM2  OTV  simulant  between  the  back  face  of  the  target 
and  the  clay  block.  The  test  sample  was  six  targets  used  to  obtain  a  V50  with  the 
threat  A  projectile.  The  data  was  then  plotted  against  the  other  armor  system 
backing  options  and  is  shown  in  Figure  3. 

2.2.4  Twaron  Polyurethane  Film  Stack  Laminate 

The  use  of  the  Twaron  (film  stacked  with  PURO-L  polyurethane)  will  provide  a 
stiff,  supportive,  yet  ballistically  viable,  composite  backing.  The  Twaron  material 
is  lower  in  cost  compared  to  the  KM2  style  705  material.  We  tested  a 
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Twaronpolyurethane  film  stack  laminate.  This  testing  was  performed  on  a  clay 
backing  using  a  28-ply  600  denier  KM2  OTV  simulant  between  the  back  face  of 
the  target  and  the  clay  block.  The  test  sample  was  six  targets  used  to  obtain  a  V50 
with  the  threat  A  projectile.  The  data  was  then  plotted  against  the  other  armor 
system  backing  options  and  is  shown  in  Figure  3. 

2.2.5  Twaron  Spall  Liner  (Rubberized  Resin) 

The  use  of  the  Twaron  spall  liner  (with  rubberized  resin)  will  provide  a  stiff, 
supportive,  yet  ballistically  viable,  composite  backing.  We  tested  a  Twaron  spall 
liner  laminate.  This  testing  was  performed  on  a  clay  backing  using  a  28-ply  600 
denier  KM2  OTV  simulant  between  the  back  face  of  the  target  and  the  clay  block. 
The  test  sample  was  six  targets  used  to  obtain  a  V50  with  the  threat  A  projectile. 
The  data  was  then  plotted  against  the  other  armor  system  backing  options  and  is 
shown  in  Figure  3. 

2.2.6  KM2  Polyethylene  Film  Stack 

The  use  of  the  KM2  (film  stacked  with  polyethylene)  will  provide  a  stiff, 
supportive,  yet  ballistically  viable,  composite  backing.  We  tested  a  KM2 
polyethylene  film  stack  laminate.  This  testing  was  performed  on  a  clay  backing 
using  a  28-ply  600  denier  KM2  OTV  simulant  between  the  back  face  of  the  target 
and  the  clay  block.  The  test  sample  was  six  targets  used  to  obtain  a  V50  with  the 
threat  A  projectile.  The  data  was  then  plotted  against  the  other  armor  system 
backing  options  and  is  shown  in  Figure  3. 

2.2.7  SSC-A3  Ceramic  Material 

M  Cubed  produces  several  different  versions  of  the  reaction  bonded  silicon 
carbide  material.  To  this  point,  we  had  been  using  the  SSC-A1  material,  which 
has  a  nominal  silicon  carbide  content  of  77%.  The  SSC-A3  material  has  a  nominal 
silicon  carbide  content  of  82%,  and  as  such  could  result  in  improved  ballistic 
performance.  We  tested  an  SSC-A3/SS  armor  system.  This  testing  was 
performed  on  a  clay  backing  using  a  28-ply  600  denier  KM2  OTV  simulant 
between  the  back  face  of  the  target  and  the  clay  block.  The  test  sample  was  six 
targets  used  to  obtain  a  V50  with  the  threat  A  projectile.  The  data  was  then 
plotted  against  the  other  armor  system  backing  options  and  is  shown  in  Figure  3. 

2.2.8  Ultra-High  Pressure  SS 

In  past  experiments,  it  has  been  shown  that  the  use  of  ultra-high-pressure 
processed  SS  material  (2500  psi)  provides  increased  ballistic  performance.  Using 
preconsolidated  laminate  supplied  by  an  outside  vendor,  we  investigated  an 
ultra-high-pressure  SS  armor  system.  This  testing  was  performed  on  a  clay 
backing  using  a  28-ply  600  denier  KM2  OTV  simulant  between  the 
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back  face  of  the  target  and  the  clay  block.  The  test  sample  was  six  targets  used  to 
obtain  a  V50  with  the  threat  A  projectile.  The  data  was  then  plotted  against  the 
other  armor  system  backing  options  and  is  shown  in  Figure  3. 

2.2.9  Ultra-High-Pressure  SS  Plus 

We  wanted  to  investigate  the  ultra-high-pressure  processing  of  the  SS  Plus 
material  being  offered  by  Allied  Signal.  The  laminates  were  processed  by  the 
same  outside  vendor  who  supplied  the  ultra-high-pressure  SS  laminates 
discussed  in  the  previous  section.  The  only  point  of  discussion  with  the  SS  Plus 
laminates  is  that  the  laminates  supplied  were  2.0  psf  as  opposed  to  1.9  psf  (which 
were  requested).  This  testing  was  performed  on  a  clay  backing  using  a  28-ply 
600  denier  KM2  OTV  simulant  between  the  back  face  of  the  target  and  the  clay 
block.  The  test  sample  was  six  targets  used  to  obtain  a  V50  with  the  threat  A 
projectile.  The  data  was  then  plotted  against  the  other  armor  system  backing 
options  and  is  shown  in  Figure  3. 

2.3  Vo  V erif ication  T esting 

After  the  laminate  backing  study  was  complete,  we  determined  that  the  best 
candidate  armor  systems  were  SS  based.  While  the  ultra-high-pressure  test 
specimens  showed  the  highest  V50  results,  we  determined  that  the  added  cost 
associated  with  producing  these  laminates  to  the  SAPI  configuration  would  be 
too  high  to  support  the  Interceptor  program.  Therefore,  we  concentrated  on  the 
lower  pressure  (150-psi)  SS  PCR-based*  armor  systems  using  the  SSC-A1  and 
SSC-A3  ceramic  strike  faces.  We  fabricated  12  SAPI  plates,  6  of  which  were 
made  with  0.173-in  SSC-A1  material  and  78  plies  of  SS  PCR;  the  other  six  were 
made  with  0.173-in  SSC-A3  and  76  plies  of  SS  PCR.  Both  armor  systems  had 
areal  densities  of  4.85  psf.  The  differences  in  the  ply  counts  for  the  two  armor 
systems  can  be  attributed  to  the  different  densities  of  the  two  ceramic  materials 
(i.e.,  the  SSC-A1  is  lighter  than  the  SSC-A3).  All  12  test  samples  were  processed 
at  lower  pressure  (150  psi)  in  reusable  silicon  rubber  autoclave  bags.  All  12  test 
samples  had  the  production  durability  covers  and  nylon  spall  shield  attached 
prior  to  testing.  The  verification  test  results  for  the  SSC-A1  material  are 
summarized  in  Tables  2  and  3.  The  verification  test  results  for  the  SSC-A3 
material  are  summarized  in  Tables  4  and  5. 


*Spectra  Shield  PCR  is  a  Honeywell  Company  registered  trade  name  for  ballistic  laminates. 
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Table  1.  SSC-A1  threat  A  Vo  testing. 


Serial  No. 

Velocity 

(fps) 

Obliquity 

(°) 

Result 

BFD 

Comment 

032000VF-1 

2696 

0 

PP 

1.25 

Durability 

032000VF-1 

2670 

0 

PP 

1.25 

Durability 

032000VF-1 

2797 

60 

PP 

1.12 

Durability 

3020 VF#  3 

2767 

0 

PP 

1.38 

Durability 

3020 VF#  3 

2760 

0 

PP 

1.38 

Durability 

3020 VF#  3 

2738 

60 

PP 

1.12 

Durability 

032000 VF-6 

2797 

0 

PP 

1.38 

032000 VF-6 

2800 

0 

PP 

1.25 

032000 VF-6 

2787 

60 

PP 

1.00 

032000 VF-5 

2773 

0 

PP 

1.38 

032000 VF-5 

2785 

0 

PP 

1.25 

032000 VF-5 

2786 

30 

PP 

1.38 

Notes:  BFD  =  back  face  deformation. 


PP  =  partial  penetration. 
CP  =  complete  penetration. 


Table  2.  SSC-A1  threat  B  Vo  testing. 


Sample 

Velocity 

(fps) 

Obliquity 

(°) 

Result 

BFD 

Comment 

030800 VF-2 

2339 

0 

PP 

1.12 

030800VF-2 

2344 

0 

PP 

1.12 

CP  on  insert 

030800 VF-2 

2351 

30 

PP 

1.12 

3020 VF#4 

2328 

0 

PP 

1.12 

3020 VF#4 

2327 

0 

PP 

1.12 

3020 VF#4 

2319 

30 

PP 

1.12 

Table  3.  SSC-A3  threat  A  Vo  testing. 


Serial  No. 

Velocity 

(fps) 

Obliquity 

n 

Result 

BFD 

Comment 

33000 VF-1 

2754 

0 

PP 

1.37 

Durability 

33000 VF-1 

2797 

0 

PP 

1.37 

Durability 

33000 VF-1 

2795 

30 

PP 

1.37 

Durability 

33000 VF-2 

2788 

0 

PP 

1.37 

Durability 

33000 VF-2 

2767 

0 

PP 

1.37 

Durability 

33000 VF-2 

2786 

30 

PP 

1.37 

Durability 

412000 VF-6 

2791 

0 

PP 

1.25 

412000 VF-6 

2732 

0 

PP 

1.37 

412000 VF-6 

2795 

30 

PP 

1.37 

412000 VF-5 

2767 

0 

PP 

1.37 

412000 VF-5 

2754 

0 

PP 

1.37 

412000 VF-5 

2789 

30 

PP 

1.50 
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Table  4.  SSC-A3  threat  B  Vo  testing. 


Sample 

ISSI 

Obliquity 

n 

Result 

BFD 

Comment 

412000 VF-4 

2317 

0 

PP 

1.12 

412000 VF-4 

2318 

0 

PP 

1.00 

412000 VF-4 

2287 

30 

PP 

1.00 

412000VF-8 

2294 

0 

PP 

1.12 

CP  on  insert,  1  ply  KM2 

412000 VF-8 

2313 

0 

PP 

1.00 

412000 VF-8 

2315 

30 

PP 

1.12 

3.  Conclusions 


We  determined  that  the  optimum  tile-to-laminate  ratio  for  threats  A  and  B  was  60%  tile 
and  40%  laminate  by  weight.  This  correlates  to  an  armor  system  of  0.170-  to  0.180-in  tile 
with  76  plies  of  SS  PCR.  The  testing  of  the  different  laminate  systems  proved  that  the  SS 
PCR-based  armor  system  is  the  most  desirable  from  a  cost  and  performance  standpoint. 
The  ceramic  material  of  choice  is  the  SSC-A3  material,  based  on  performance  and 
manufacturing  economies.  Our  internal  verification  testing  and  subsequent  First  Article 
Testing  (FAT)  at  the  U.S.  Army  Aberdeen  Test  Center  (ATC)  have  validated  this  armor 
system  as  meeting  the  requirements  of  the  Interceptor  SAPI  performance  requirements. 
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Table  5.  SSC-A3  threat  B  Vo  testing. 


Sample 

iSSI 

Obliquity 

(°) 

Result 

BFD 

Comment 

412000 VF-4 

2317 

0 

PP 

1.12 

412000 VF-4 

2318 

0 

PP 

1.00 

412000 VF-4 

2287 

30 

PP 

1.00 

412000VF-8 

2294 

0 

PP 

1.12 

CP  on  insert,  1  ply  KM2 

412000 VF-8 

2313 

0 

PP 

1.00 

412000 VF-8 

2315 

30 

PP 

1.12 

3.  Conclusions 


We  determined  that  the  optimum  tile-to-laminate  ratio  for  threats  A  and  B  was 
60%  tile  and  40%  laminate  by  weight.  This  correlates  to  an  armor  system  of 
0.170-  to  0.180-in  tile  with  76  plies  of  SS  PCR.  The  testing  of  the  different 
laminate  systems  proved  that  the  SS  PCR-based  armor  system  is  the  most 
desirable  from  a  cost  and  performance  standpoint.  The  ceramic  material  of 
choice  is  the  SSC-A3  material,  based  on  performance  and  manufacturing 
economies.  Our  internal  verification  testing  and  subsequent  First  Article  Testing 
(FAT)  at  the  U.S.  Army  Aberdeen  Test  Center  (ATC)  have  validated  this  armor 
system  as  meeting  the  requirements  of  the  Interceptor  SAPI  performance 
requirements. 
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1  DIRECTOR 

US  ARMY  RESEARCH  LAB 
AMSRL  D 
DR  D  SMITH 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1197 

1  DIRECTOR 

US  ARMY  RESEARCH  LAB 
AMSRL  Cl  AI  R 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1197 

3  DIRECTOR 

US  ARMY  RESEARCH  LAB 
AMSRL  Cl  LL 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1197 


NO.  OF 

COPIES  ORGANIZATION 

3  DIRECTOR 

US  ARMY  RESEARCH  LAB 
AMSRL  Cl  IS  T 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1197 


ABERDEEN  PROVING  GROUND 

2  DIR  USARL 

AMSRL  Cl  LP  (BLDG  305) 
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NO.  OF 
COPIES 

1 


1 


1 


1 


1 


1 


NO.  OF 

ORGANIZATION  COPIES  ORGANIZATION 


DIR  USARL 
AMSRL  SS 

2800  POWDER  MILL  RD 
A  DELPHI  MD  20783-1145 

CDR 

AMXRO  RT 
OFC  RSRCH  & 

TECH  INTEGRATION 
POBOX  12211 

RESEARCH  TRIANGLE  PARK 
NC  27709-2211 


US  ARMY  MEDICAL 

MATERIAL 

MCMR  MMC  B 

1423  SULTAN  DR  STE  100 

FT  DETRICK  MD 

21702-5001 

CDR 

NATICK  SC 

USA  NATICK  SOLDIER  CTR 
TECHNICAL  LIBRARY 
NATICK  MA  01760-5019 


CDR 

AMXRO  RM 
DR  J  BAILEY 
POBOX  12211 

RESEARCH  TRIANGLE  PARK 
NC  27709-2211 

CDR 

CAMERON  STATION 

DTIC  FDAC 

BLDG  5 

5010  DUKE  ST 

ALEXANDRIA  VA  22304 

DPTY  CG  FOR  RDE 

US  ARMY  MATERIAL  CMD 

AMCRDA  TF 

5001  EISENHOWER  AVE 

ALEXANDRIA  VA 

22333-0001 

CDR 

USA  ARDEC 
AMSTA  ARCCHC 
M  DANESI 

PICATINNY  ARSENAL 
NJ  07806-5000 

ARMY  NATIONAL 
GUARD  BUREAU 
NGB  ARO  O 
LTC  M  NICKELL 
111S  GEORGE 
MASON  DR 
ARLINGTON  VA 
22204-1382 


15  CDR 

NATICK  SOLDIER  CTR 
J  MACKIEWICZ 
KANSAS  ST 
NATICK  MA  01760-5010 

1  CDR 

NATICK  SOLDIER  CTR 
P  BRANDLER 
KANSAS  ST 
NATICK  MA  01760-5010 

1  CDR 

NATICK  SOLDIER  CTR 
B  G  MADDOX 
KANSAS  ST 
NATICK  MA  01760-5010 

1  CDR 

USA  TANK  AUTO  CMD 
AMSTA  TSL 
TECHNICAL  LIBRARY 
WARREN  MI  48397-5000 

1  DIR 

DEFENSE  INTEL  AGCY 
ODT  5A 

WASHINGTON  DC  20340-6053 

1  NAVAL  RESEARCH  LAB 

DR  R  BADALIANCE 
CODE  6684 

4555  OVERLOOK  AVE  SW 
WASHINGTON  DC  20375 

1  CDR 

AIFRTC 

G  SCHLESINGER 
APPL  TECH  BR 
220  7TH  ST  NE 
CHARLOTTESVILLE  VA 
22901-5396 
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NO.  OF 
COPIES 

1 


1 


1 


1 


1 


3 


1 


2 


ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


CDR 

USA  QUARTERMASTER 
SCHOOL 

QUARTERMASTER  SCHOOL 

LIBRARY 

FT  LEE  VA  23801 

CDR 

USA  ARDEC 
AMSTA  AR  AET 
DR  W  EBIHARA 
PICATINNY  ARSENAL  NJ 
07806 

CDR 

NAWCAD 
UNIT  7 

BLDG  439  STE  F 
47110  LILJENCRANTZ  RD 
PATUXENT  RIVER  MD 
20670-1545 


I  NATIONAL  INSTITUTE 
OF  JUSTICE 

OFFICE  OF  LAW 
ENFORCEMENT 
K  HIGGINS  (5  CPS) 

BLDG  225  RM  A323 
GAITHERSBURG  MD  20899 

II  COMMANDING  GENERAL 
MARINE  CORPS  SYSTEMS 
CMD 

CODE  CMCC 
B  G  FAIGLEY 
B  G  DONOVAN 
LTC  BELL 
LTC  NELSON 
D  BRYCE 
CPT  CHURCH 
MAJ  PATRICIO  (5  CPS) 

22033  BARNETT  AVE  STE  315 
QUANTICO  VA  22134-5080 


DIR  OF  MILITARY  SUPPORT 

DAMO  ODC 

COMPIO 

400  ARMY  PENTAGON 
WASHINGTON  DC  20310-0400 

PM  SPECIAL  PROJECTS 
MAJ  A  EARLE 
5951  PUTNAM  RD 
FT  BELVOIR  VA  22060-5424 

PM  SOLDIER 

COL  JETTE 

LTC  BADELLE  (2  CPS) 

FORT  BELVOIR  VA  22060 

JTCG  AS  CENTRAL  OFFICE 
NAVAL  AIR  SYSTEMS  CMD 
AIR  4  1  8 
J  JOLLEY 

1421  JEFFERSON  HIGHWAY 
ARLINGTON  VA  22243-5120 

CDR 

US  ARMY  INFANTRY 
CENTER 

COL  HOLTON  (2  CPS) 

FORT  BENNING  GA 
31905-5400 

US  MILITARY  POLICE 
SCHOOL 
ATZN  MP  CM 
J  KOCIABA 

FORT  MCCLELLAN  AL 
36205-5030 


1  PROJECT  MANAGER 
AIRCREW  INTEGRATED  SYS 
SFAE  AV  LSE 

P  CROUCH 
BLDG  5681  RM  151 
REDSTONE  ARSENAL  AL 
35898 

2  CDR 

US  ARMY  TACOM 
AMSTA  TRS 
J  THOMPSON 
S  GOODMAN 
WARREN  MI  48397-5000 

2  HQDA 

SARD  TR 
R  MORRISON 
R  ROHDE 

25 1 1  JEFFERSON  DAVIS 

HWY 

STE  9800 

ARLINGTON  VA  22202-391 1 

1  HQDA  OASA  RDA 

SARD  SC 
RM  3C468 

WASHINGTON  DC  20310-0103 

1  HQDA 

SARDA  TD 
DR  C  CHURCH 
WASHINGTON  DC  20310 

1  CARDEROCK  DIVISION  HQS 

DAVID  TAYLOR  MDL  BASIN 
R  PETERSON 

BETHESDA  MD  20084-5000 
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NO.  OF 

COPIES  ORGANIZATION 


ORGANIZATION 


NO.  OF 
COPIES 


2  US  ARMY  MATERIEL  CMD 
AMCDCG  T  C  W  KITCHENS 
AMCRDA  TF  C  GARDINIER 
5001  EISENHOWER  AVE 
ALEXANDRIA  VA  22333-0001 

1  NAVAL  SPECIAL  WARFARE 

DEVELOPMENT  GROUP 
CODE  N51 
B  DEPPEN 
1636  REGULUS  AVE 
VIRGINIA  BEACH  VA 
23461-2299 

1  US  SECRET  SERVICE  DIV 

TECHNICAL  SECURITY 
T  THOMAS 
1800  G  ST  NW 
WASHINGTON  DC  20223 

1  CDR 

MARINE  CORPS  LOGISTICS 
BASES 

CODE  835  NBC 

814  RADFORD  BLVD 

ALBANY  GA  31704-112 

3  SIMULA  SAFETY  SYSTEMS 
INC 

S  LYONS 
J  MEIRS 
R  MONKS 
7822S46TH  ST 
PHOENIX  AZ  85044 

2  CDR  NGIC 

IANG  GS  MT  MS306 
J  CRIDER 

W  GSTATTENBAUER 
2055  BOULDERS  ROAD 
CHARLOTTESVILLE  VA 
22901-8318 


1  CIA 
OSWR  DSD 
W  WALTMAN 
RM5P0110NHB 
WASHINGTON  DC  20505 

2  DIR  LENT. 

R  GOGOLEWSKI  MS  L290 
J  REAUGH 
PO  BOX  808 
LIVERMORE  CA  94550 

1  DIR  LLNL 

R  LANDINGHAM  L32 
PO  BOX  808 
LIVERMORE  CA  94550 

2  DIR  LANL 

F  ADDESSIO 
M  BURKETT 
LOS  ALAMOS  NM  87545 

1  DIR  SNL 

D  GRADY  MS  0821 
PO  BOX  5800 
ALBUQUERQUE  NM 
87185-0307 

1  DIR  SNL 

M  FORRESTAL  DIV  1551 
PO  BOX  5800 
ALBUQUERQUE  NM 
87185-0307 

2  DIR  SNL 

R  BRANNON  MS  0820 
M  KIPP  MS  0820 
PO  BOX  5800 

ALBUQUERQUE  NM  87185 

1  DSC  PHILADELPHIA 

DSCP  FNSE 
2800  SOUTH  20TH  ST 
PHILADELPHIA  PA 
19145-5099 
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NO.  OF 

COPIES  ORGANIZATION 


1  CDR NSWC 

MD1 1 

DAHLGREN  DIV 
17320  DAHLGREN  RD 
DAHLGREN  VA  22448-5100 

4  USSOCOM 

HQ  USSOCOM 

SOAL  T  SAREN 

SOAL  SP  PULLAR 

COL  KEENAN 

T  MORRISSEY 

7701  TAMPA  PTBLVD 

MACDILL  AFB  FL  33621-5323 

1  USSOCOM 

HQ  USSOCOM 
ANNEX  50 IB 
M  IVERSON 
7701  TAMPA  PTBLVD 
MACDILL  AFB  FL  33621-5323 


ABERDEEN  PROVING  GROUND 


1  US  ARMY  DEV  TEST  CTR 

CSTE  DTC  TT  S  T  KOCHER 
314  LONGS  CORNER  RD 
APG  MD  21005 

5  US  ARMY  ATC 

CSTE  DTC  AT  CO 
COL  BROWN  (5  CPS) 

400  COLLERAN  RD 
APG  MD  21005 

15  US  ARMY  ATC 

CSTE  DTC  AT  SL 
COL  ELLIS  (5  CPS) 

C  VALZ  (5  CPS) 

V  W  BLETHEN  (5  CPS) 

400  COLLERAN  RD 
APG  MD  21005 

5  DIR  USARL 

AMSRL  WM 

J  SMITH 
AMSRL  WM  TA 

W  GOOCH 
W  GILLICH 
W  BRUCHEY 
AMSRL  WM  TD 

T  HADUCH 
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